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(54) OPTICAL FIBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical fiber 
which can realize both of a large negative dispersion and 
effective core cross section and a small bending loss. 
SOLUTION: The fiber has a core region 1 and three or 



more layers of clad regions 2 to 4 successively 

surrounding the core. One of the clad regions (e.g. , j 

second clad region 3) is surrounded by the region (e.g. .. /; 

third clad region 4) having the average refractive index / 

lower than the average refractive index of itself. At least J: 

one clad region 2 to 4 has a plurality of regions made of V; 

a sub medium having a refractive index lower than that \ .. 

of the main medium constituting that clad. & 
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[is#j*i] =-Tm®tzti*mik&m-rz>3m£x±. 

fc l o<7>7 7 y Kffl*»4*ft&#WH-5±jlt«.fc 5 fcffi 

IfflfEy 9 y KWKtt, 10 
U BtHe9J«ltflt*»6*5flH«S:fll*.TV^^«^9y K 
[fB^JS 3 ] mertfli^ 9 y K«*tt» 1 rtfiM* 7 y 

K««tas2rt«^ 5 y rW'biis 2 

9, a7, ^ 1 rtfflSy 7 y K, ft 2 AH* 7y K©*ft 
•PJx«>Jffl*f*n., n,, n, i^«^9y Kffl««5JP*Q 

n o > n j > n , i^O n 2 > n 3 

*Sj*Sft-5S}*3S2fE«<D3t7r-<^. 20 

im**4 ] *m»j* 7 y k«*k:m\ w&mmtti*t> 

WfjfcJl 3 fe*CO*7 7-f'< 
[M&S 5 ] ftflO 7 7 y K«I*0>±«E««: y * X fc 
' 13 , IiJ^«l4^ft:*fc«*^-C'fo2)fS*3S31S*W*7 

[if*«6] *MRij7 7 y Kffl*fi{-»i-S =>Tm®.cDi£ 

7 ] Jg 2 |*HJ|7 7 y K««^»i"5» 1 l*J« 30 
9 7 y K«*roJtsp*9Jffl»f*fi*s - O . l %£lTT-&5 
1**31 5 tE*W># 7 7 -C 

3 mm<o?t7 7 4 s< 0 

[flt#gilO] Bfft»ft1lf«»c*3»t5«ft»1R*J-80 
ps/nm/km£ "FESiS** 3 IE«c<7)}fc7 7 -I" 
[ffl#*ll] OfE*W7fe7 7'f^i, fiUIS 40 

1 2 ] «iScc0 7 7 y Kffi«^l)(rlEBI«fI*»e> 

«t 0 II* 5 »** 1 IE*W3t 7 7 ^ /<. 

3] #7 7y K««rt^SS»t5#»JttCK*» 
feftS«*©Wffi«ttSlftWk:'-«l"C*>oT, 7 7 y K 
ffi*^«to-c»fiiiai*s»*5«l*«i 2 77 Y 

[fH#Sl4] BtnEBiJ«EW*»t>ftS««©iBlEtt, * 50 
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^♦&^*fcf4aE**&^Ft^SW(-^T-foSIS*3Sl 2 

[!»*«15] #5yK«li)ISlrt«?5?KI* 
«fc 31 2 rtffljy 7 y Kffl^i^fflSy 7 y K«**»e,/jr6 3 
JB«Uet?*>9» =7, Stl F*KBJy 7 y K« S?2r*H»J?7 

n 1 , ni, n 3 <7)^(i, 

n 0 > n 2 > n 1 *>o n 2 > n 3 

[000 1] 

[0002] 

7 7^^f4, IH2 2lC7ji-t£ 0 [C, ->U 7J7/7^ 6 1 » 

Wtl^iS:©^ K6 2 (fflTL) *JRftbixfcBfiii« 
itSr^-rSo *f K6 2*s«t'>BfS c t J '^Sl5^S3 7ffi«c 
6 3T'*>I3> :037ffl«6 3££2iaU ^K-Y K 6 2 £ 

10 0 0 3] rcoi 9^SStiBB«3tSr-t-tf3t7r-f^W3t 
(BUjiftflJJRltt, JH4«fcttil»IMr*fc^3tfcB:* 
fflV^TtftBJ^nS (#J;tf3\ T. A. Birksib, Optics Lette 
rs Vol.22 p. 961 (1997) ) „ »JM«5tSr*-r5 1t*b. 

37tl^6 3S.r/7 7y Kffl«6 4 rtT' 

[0 0 0 4] 
[&1] 

[0 0 0 5] ::f, nttSSf*. f 

■T, SSI^Jcov>t«, f , + f 2 = 1 7)5^i53:o 0 a 

n, >n 2 T*fc5*>ib, SC(1) ©S7£ia t ft*ffl(4, 
f 2 ©Jf*,;:#oT/h£< 45, ^oT, jJ?-|-K6 2Sr 
#«C^tf77 y Kfll«6 4 <7>H^®Sf^(±, =>7«Ri$6 
3<&H8&ffl»f*J;9t>'h$<fc0. ii^W5t77-r^t 

[0 0 0 6] roi5''<f^IWo : ef>it tKIHW 
< iilcflsv\ fBWspoWu^BfKJtiS^ieEi- 5 J: 5 



( 3 ) 

3 

[0 0 0 7] rco«t oteftyr-f^X 9 k*:#<^ 
Jl^l&SrfSoft 7 T-f m*-tt. *H^rF5, 802, 23 

tmWMi£*^-rz>&, y 9 y h'mm>Pi$!>? 9 y Kffi 
«<h^&y 9y Kffi«<!:K£oTtil/££;tv l*]g|Sy9y 

mmvmwmmmtffttt? 9 y vmrn^n^m^m <t 

[0 0 0 8] 

$R^^^$^xT^S5t7r-r^^(4, *H-&y 9y KUtit 10 
[0 0 0 9] &mWi*. Z<D£ ote^m^^XKZtl 

ft if m&zm±zv?> z t cD*jmteit7 r '<&mmi- 

[0 0 10] 

[WkMZM&:-1-Ztzib?>^m] ±12 Sift £Sfi£-rSfc 20 

&m-tz>3mu±<v?7y \*mwk*^-Fz>ityT'<s< 
ci&v^-c, y^y Ksnsso^-fft/^i oi±g#<Dsp#)Js 

9 r '>/i<<i:t)loOi?7 y Kffl«tt-tixSr«fiKi-«* 

[ooii] r^-c. ±«E«»*, **h-ctJt7r^^* 
x*te%yT'('<*mjS.-rz>~ tfrx^te^tfPr, 0*Jx.(i 30 

[0 0 12] A#S5ccO*£$> A^lfc^n-;/ 

*«)5p«*s»*lS!3t 77-f ^tcit^T * tf* jte&teT 

7 WffiSt - £ #T-# S» 

[0013] aT«##H«WK*a-fc«EKT?«ja$ 40 
y 9 y K«*l4*K«U-*&-*«EK-CJKfiKSix5 2 

P> * 5«S«Sr« Z.X ^ 5 *MM y 9 y Kffitt t £ 

[0014] frzmmmnmm-tmiiX'MtfLtsfi 

Silt *<0ffl**s*«B«3gSr-&*/j:^ri:**?teL, 

t LTGe$r#tf->y*^9^T-«figL, >t>^*»e>^ffl 
l^*»oTG e j»«*s»'>i-««)«Sr«5 d t 50 
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So 

[0 0 15] ft7TJ'<lZio\,^X. &&W£ 

Mfltflt, 0iJxii, s*-*#y bfcstw. 
^twjt^T, ffim<D±¥fttez®%{cm$ix% - 

[0016] £ bid, |^<R!Jy 9 y K®«tefS 1 F*HIJy 9 
* Kffi« i fg 2 F*HRiJ y 9 y K««a» 2 »«JS"e*> 
9 % 37, 81 9 y Ks m 2 f*){|ijy 9 y Kro-f-n 

n o > n 2 > n i n 2 > n > 

[0017] tM&ir 9 y K«S«i^*3(tS^®*f^^T 

m&m-rzm 1 9 y k««*s#*e-ts riia 

[0018] ^ffla^ 9 s/ K®«OlWSSr, 
J^BBi-S 4 EIE«ESt«:tt*siHtW«-fi6a:i-5 «fc 5 
•fixtf, ^-KSS*f^B= (fl, -/J,) /k^/h$< 

Li/\ rrt-, /3, i ^ 2 tii, 2 ocod^^e- K»€t 
[0019] ^Mffl^ 9 y K««<0±8EK4: v- y * t L, 

[0 0 2 0] *Mffl* 9 y K**Ji»-*-S =■ 7S«rott¥ 

[0021] 9 . ^{»J^ 9 y Kffl«©sp*s 

a#fsP*stB»W«iffi:< * 9 . *MH^ 9 y K««^«7>3tfll 

[0 0 2 2] ^ 2 KM? 9 y Kffl«ti#-f SJB 1 PlM? 
9 y K«««5itiP*Sffl»f*Sl4- 0 . 1 %tlTT'fcS r 

t * u^o rnir«t9, 9f«<ott«^*iv^-c, aw 
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[oo23] fl-iw* 7 y m®<o'&mm&mmz&wrt 

r b LV\ ^URiJi? 7 y h'mi&V'tfklMMmmm&te 

[0024] Bf^o&*(c*5v^T#-^- Kx-ti^^-e- 

5t, K^^ti^*! < ft <0 . i!5 f y hi/- h ©Tfcff 
[0 0 2 5] Bf^&fi^fett-S^^tfc^-SOps/nm/kni 

[0 0 2 6] 5 y Kffl*fc»il««*itfH«a*E« 

Jfttv^S^, *«o*»ffi J: 

ir*s*f4LV^„ :ilf, tt*rB£*r*£tt*)£ftl 20 

[0 0 2 7] rco^-g-f^ KW*rt«c:*J»tS* 

fc£>KH±$?£LV\ 30 
[0 0 2 8] #^*B«itWBBfitt, fcttjE* 

[0 0 2 9] Kffl*tt, AS 1 l*J«* 5 y K*ML 

IB 2 rtffiij^ ? KWR , fl-flU* 7 y K««a»fcfcS 3 

n,, n 2x njCDFflld, . 40 
n 0 > n 2 > n , /4>0 n 2 > n 3 

&tfLiL-tZZtt>W*.U>\ z.cr>i.o\z-fz>b. Ate*: 

[0 0 3 0] 

ffcLTV/jM^. 50 



[0031] nit *ftfR\z.&z>yt7 r 4 '«r>&*m 

l ic^-f-J; o ic, ^T^igit, =i 

7ffl« 1 ^SitSi 1 ^ 7 y Kf « 2 i , Sl#5? 
K««2S:filt5Jii2^7S'K««3t, $2^77 

Kb LX<D~>V$# ! 7X5bE>mmkl.X<0&%i<0#'( 
[0 0 3 2] ^T^lfc^l-fc^Tid:, 4HH«0>lB*r*i: 

«5S©EJC{-«:3SS*t^fc»» r*t£ffl^/«ev\, Ill 3 

ix<rftOHtr^TO#W K6 &omicaiK~«&i|t*9l 

^7i^„ Z<D-t/U7 IdJJVT, ^JS^T^ n„ , , £ 

[0 0 3 3] 
[«C2] 



"ovg 



g 2 ( A cell ^ A holB V n h 2A hole 
A ceU 



<2) 



[0 0 3 4] fc*TU n.tt7r>f^W«sf»»^Jffl*f*, 
mil, sK>f K6 x«5>OJffl#f*-Cfc9, A,.,,^ 

[0 0 3 5] 
[«3] 



I 5 



k 

2 A «n.i 



■<3) 



'-J 



[0 0 3 6] **«{C*iV^»4, (3)*JiJ:t»3fe«Sn 

*, US 1 9 7 y K*«, 8 2 * 5 y K««, 13^77 
K®««* n, . n, ( n 2 , n, b 

n 0 > n 2 > ni 7) 1 On 2 > n 3 
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[0 0 3 7] HI 5 14, 9 K LTSpi^Etff 

[oo38] m4\z7F£tiz&i<ommMm(oyt7T'( 

/<-C«, =■ T#I*£ 1 Kfi, K 6 $rEfi-ti-i\ 1 ~ 
ft 3 <E>? 7 y KfflUE 2 ~ 4 fcO^-tix-eh^ K 6 a ~ 

OgSfiU4fB 1 7 •> Kffi*£ 2 rtOtf-Y K 6 a 
d , , 12^77 K«W£3 f*ltf>tfV K 6 b c£>*2£- d 2 , ft 
3?*7y KflWUrtOsKW K6 cWg^d, if-Si:, 
d, > d, > d, tttZ X p^^nt^S,, r©^, 
(2) (3)5tJ; •jB^fpA^J; pic, #»$cD¥^eiJf^wga 

n D >n,>ni>n, 

SrfiSjfcL, n 0 > n 2 > n , ^on, > n 3 £rr1§fci~o 
[0 0 3 9] H5^^^tu5®2roHSS^ffi03t7T-r 
^T-t>. ^Tffi«llc(4, *V K 6 £iEBit1\ ftl~ 
S3^7? KtB« 2 ~ 4 ICO^-tix^ixTK-Y K 6 a ~ 

©fy^-L-CiB«$ixrt^5jSt>JBl«3*aSJgt8i:iaH 



6w^<D^-efci9, *3llfe^«g-c-ii, d 3 ^d,>d 2 
t*S«t5K3eSixTV^5*-e*>5. (2) (3) 

n o > n i > n i 2? n 5 

[0 0 4 0] iiflf, 7r-f^*5l#l*Ktt, ±^Scoite 

[0 0 4 1 ] *^^#P>«^W K6©g, tTyffl)S4 
(Hifetfil 1 ~3 SrffrSU rti?>t?S*l© 

20 2mmcD'&Mnmft7 r ^ atmn. 2tw t 

[0 0 4 2] JtttWro-tix-Pix^isJtSSB l ~ 

*H-5J£*£3?1 l-*-Tc &*3, K6<OB&mf4 7 

[00 4 3] 
[Si] 







m2*?v F«as 




^5te#3 1 


0.4 6 


0.3 8 


0.4 0 




0. 40 


0.3 7 


0.4 0 




0.4 0 


0. 34 


0.4 0 


Jt««l 


0.4 6 


0.4 0 


0. 40 




0.4 0 


0.4 0 


0.4 0 



[oo44] mmm 1 am 1 ©siiejeffi©*:? 

[0045] H6, H7f4, HJiCSJl, 3 CO^-ft 

-t'ixlco^T, K6cD't>^P : Sr-fe>'U7CD{agi: 
U W^iO (7 7 -f/« HPi1?OEI«riL 40 
T, «-fe/i'©sp*&ffl*f*n...4rffillllrlc*r-t-5**BI 

* 4 <75/S#r^£ l . 4 4 4, Qf*.nm$rm$: 1 £ LTI+ 

[0 0 4 6] V^-fixro^igCTT-t, m2*7-y K^*0e3 

5 t *K . 11^77 K«* 2 , 13^75- KflMU t? 
tt*K-f K6©SW***Vvfcfcfc¥*MB$r*aM5;< 4ot 

[o 04 7] 13814. mmmi tttmmi , 2tc4o(t5 50 



Kg A. ^^i-„ r r T'f4, HS£0iJ 1 . itmm 1, 2tt 
^Sl550nmlC*3(t5^it^D.. ^ID C-lOOps/nm/kmt 

l*5i. 6 6 j* m, ifc&fll 1 # 1 . 6 2 m m, ttll50ij2 
*5 1 . 48/i mffoS. Sftl550nmlCl*3{tStS3t^-t5:^ 
n -7°*5||J£F'J 1 t ttMm 1 *5-0. 5ps/nm' /kmr-fc *) , 
Jt«!^2O-0.2ps/nmVkm{c:Jt'<T/h$V\ Ld»L, H 

[0 0 4 8] :©i5t, mi W*ft^ffi©7t7T'l'/< 

(4, *#i*»fttfl5: t*s^IflB-c*>*fc»» fttcoiE 
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S!3te¥3l*«:ai*!l3-e\ gi&S.Jt«:lfll±S-e:5r hi**! 
[0 0 4 9] @9il Hl£0iJl titesCTl , 2©tyf 

8S^a«ro»trH8«)»&i:E9Ji-5. ) ::fli, £ 
%.V7 4 /<cO&gl550nm(C*J{t 5H$)=r TEWffiW A. , , 

4 5t-t*y^-LzJS^$ixT*3>?, 10 
(nm\t. %Wfr\ laiil. 6 5)im, Jt$fc0!l 1 a*l. 
5 4 y m, itgf^J 2 a 7)* 1 . 60(i mT-*>5„ 
[0 0 5 0] j6«©H}ancJ:oTllS!i=iT»fBi8[A.,, 

titan-*-***, mmmi a<Dm®='TmmmA. tt <D$L 
mz-tt-tzmfia^— * d A^./d p.coiip /jsites^j i 

[0 0 5 1 ] r<7)4 5lc, 7fc^C&tf>7)5&< , ft(f«^ 20 
[0 0 5 2] El 1 0 14, SUfetHI 2 , 3 £ fcfctCE^J 2 {i*5tt 
.,, Srfs'^-LWiST-SilofcffiT-fcS. — flxl-, USD 

hjs^j 2 ak mmm 2 4 0 1> mm 3 75s => r««^o* 

P£ tii»roft-&v^S:ilS»TS3 9 . *fftR*^(8:T LTV 
5ri^$iitv^„ lot, I^C*3b = T»rffiifSA 

« 2 4 9 fcnigfi»j 3 *s*w«ffe*rffiT$*. m cmf» 

£:X-it$rtinl-£. toJgtm 2 J; 9 t>mMm 2 t)5, HJ£0iJ 2 
[ 0 0 5 3 ] M 1 1 11, e»£*/J &S*k -tffflofctt 40 

* © S Se-caWk = T^Sfi A. f , (c*t 

LT/b s> K LttOt'&S, —Hate, /S/ka^^i/N 
lit', *lf*^*S/h$ < /«C5„ 0/k>l. 4 0 5<DB$ 
t-ftlf«5fe^ffl±+^/h$<^5ii-5i:, HiU 
9, H16fiRJ3^±5VTI4, A.,, /A., = 5 TJSjga^T- 
£>9 , = 1 5 5 0 n mlClfcVTll^ TKrffi^A 

.,,= 1 2 /im ! m^t5: im5; £7)5*77)* 

So 

[0 0 5 4] Hi 2 14, JlJfctfiJ 2 , 3 £ ifcgftfj 2 l^*J(t 
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5 0 rrt?l4, HJ£0iJ2, 3, ltt5!0lJ2CDi--<T(Ct5VN 
Ttf?ni. 5 3 ^ mi Ufc*|^OfHfigaS:,Tt 0 

[0 0 5 5] SS1= 1 5 5 0 nmlC*3Jt5H^!)=T^ 
ffi«A,,,(C#@t-Si, *»3TIWB5aA. fl tt, It® 

0«j 2 4 9 1 mmm 2 as, njg^i 249 hmmm 3 t)5*# 

[0 0 5 6] r©4 5l-, *2 053Bfi»ffifc,fc*Ui» * 
ftSrHmHSftsriis-e*, ei£ D B n«cDi«i±£|g|.5 r £ 

[0 0 5 7] |g] 1 3 14, HigtfiJ 2 , 3 , ifcfiSEtfiJ 2 W-t tl 

3, ifc6&0iJ2 £ fcttftl550nmlCfe»t5*a3T*rffiWA 
.rrTJSl 2 Aim' £ ife 5 4 5 f ^ L 7)5^:^$ tlX3o 9 > 
-5rO»4, Hig^iJ 2 tJ5 1 . 33/im, HJ£0iJ 3 tJ5 l . 5 
3 n m, ittfe^ij 2 *S i . 2 1/imT'fc5„ 
[0 0 5 8] 1= 1 5 5 0nml:*ilt5^^7iia 

2 7)5, 3fc*OT2±9fcHJ6«3i4S/h3<fc5. «fi*lk 

^©«3tv< 5 > - * mm^M-tzm®} =• r waa a. , , 

(DiRfttro^^h^v^r.tS-S^i-'S. — a.,, 

tfijlf*^<Dif*£#9<DT-, IHCA, fr T' 

-So 

[0059] ro4 5ir, wi2<Dmnftmxa, 

»»J"*-5 r 1 7)5 T-t , eaSSRoi^jJiSrHS i 1 7)ST*# 

So 

[0060] w±(7)4 5f-, mi, m2<ommmm^ 

t7)5T-#5. => rmfcfficoffii&s< =7*-$>\Z 

[0061] &.±<ommmmxf±. K*r^«HF-tt 
^cIE?lJ•rs7^^l(co^^Ttft0J lt #fc7)5, ia^sgi4- 

n<-PgibixSt>©T'(it/ J ;< , IE*t&^-^,ft*&^!cl4 
V^ixLTt>4< , fc5Vf4lB^ntfctCia?iJL-Ct>4 

[0 0 6 2] ^{C, *«MlCffi53t7TW^<©IB3 0S6 
ItJUHSIiov^lftWra. Hi 414, r<73^3<D»g7^ 

-T^(4, 37«*10t. ^TffiilEl O^^ffl-TS^l 



( 7 ) 

11 

(*HBJ7 7 y KfflisE Hi, Si rtfl?j7 7 y KfB« 1 1 £ 
SH-f^ff? 2 f*H»j7 7 y h*m®. l 2 t . 2 7 y 

Kffi*£ 1 2 Sr'&ffl-rs^MKJy 7 y Kffllg 1 3 i 
5„ ^Tlgigcl 014, ^g^a, HKf n. T'fc 5 , 

m i rtffij^ 7 y vmm 1 1 14, *MmB# t> . mmm& n 

, ffe 9 , 12 rtfiH^ 7 y Kffi*£ 1 2 »4, c , 

Jffl«f**Sn,T*>S. KfiB«l 314, JBW* 

n,,©±«14i, mtftmn^CDWif&mi 5 kX'ffil& 

?>, NflI©R7!>S7 7^W£3 3 <kt1-3¥ : &dCDR(7)R 10 

14, 7 7 ^^tt?rW>it5 4 @lBNE*ttM££:%ttft 
^Sr-TSo £?>tC, e > d+ r SrSSfci-^SeORJ^W 

f4^/7^^y-*— *if©ttWe«J*$ix-C*S"J, *7 

[0 0 6 3] *HJ£o^lc#,53t7r-('^^l-*3VNT, 
«-^^7>-^<OflS(4, ifcOiiOT-ifoSo a = 1 . 3 7// 20 
m, b = 4. 9 /i m N c = 1 4 . 7//m, d = 1 7 . 8 
/im, e = 20. 9//m, n 2 = n 3 , = 1 . 4 4 4 ($ifi 
fMoy , A 0 = (n„ 2 -n 2 2 ) / (n„ 2 + 

n, 2 ) = + 1 . 49% (GeO,#14. 5 m o 1 %gj 
Jn^nfcv-y 77#770 , A, = (n, ! -n, ! ) / (n, 
2 + n, 2 )=-0. 36% (F*S1. 113wt%ai 
Zftltm&lkit?*) , n,,= l. 0 (gg?L) . N=l 

[0 06 4] -f-fcib*,, n. >n a >n,^SfigS:U. £?L 

r «t T'*M»J 7 7 y K«*fi 1 3 ©WlSf* n 30 
, (4^ 2 7 y KfWjs 1 2 <DJfflW*n, 4 9 ffiTi"* 

[0 0 6 5] ftio, *^ig^ti!C*5V>-r(4, 
7 7 y KXtfv?+ *r y h««Sr«*-*-5«EKi: , *M»J^ 

^7-y KOftifMlc i^Se I4ffig(c2fc#>.5 r i ^T' 
#S 0 r rr-14, v^y-y hffi#<tf>l*}¥&el4, *MRij7 
7 7 K®«1 3«)¥$ (e-c) =6. 2//m^, *MBJ 
? 7 y K«« 1 3 »w*s*+5iSejffl7Lia]ofiHIH 2 * d /N 
= 6. 2//mlilSi?^U<, i>Od = (c + e) /2i 40 

[0 0 6 6] «±W#^7P<-y-£r*igOt>CDt Lt, 
MftKK (2ft) 1 5 0SSr»*P>-frfc3o©SHlfiW (H 

mm 4 ~ 6 ) t ffiTLSrant *v^tsi« 3 doi^-ce*M* 
u—, -y B >&ftoit Q mmm4, 5, 6®-t 

n-encD^?Li)iSJ4, 0. 363// m, , 0. 722// 
m, 1. 43 1)iml:KJnt^5. 
[0 0 6 7] r<Dtf, iSS* = 1 5 5 0 nmCJiltS 

T-(4 1 . 4 4 0, 5 X'tt l . 4 2 8, HiSfliJ 6 t? 50 
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14 1 . 3 8 0 T'fc <9 , *Hl7 7 y K®«c 1 3 icMtS^ 

i ^fti)7 7 y Kffl^e 1 1 (oitw-i^mmm^^,, = (n„ 2 

-n... 2 ) / (n, ! + n.„ ! ) 14, HJ£«BJ 4 T*(4 1 . 7 
7%, HJStfiJ 5 T'(4 2 . 6 1%, 3lJS0ij6T-|4 6. 0 4 
%T'3b.So 

[0 0 6 8] Hi 5(4, Jfc«0i|3 fcHJ£0tj4 ~6 dfc^ 
L-C^Lfc7*7 7-CfoSo 

[00 6 9] HJ60IJ4 ~ 6 |C*JV^Tf4, *MHl7 7 y KSt 
4c 1 3ICIIMK1 5<t LTW^aSr^EA-rsr tic 4 
•9, v^T-y h««*ei)ft-*-53t^l7-roW-S-P J .. l . l 
/ P *sifcttfi»J 3 \C*i LTiST Lfc c 

[0 0 7 0] rc7)P J . cl .,/Pf4, ftff^tiE 

<Dtg§|;iSfc5. fiSoT, ^{M7 7y KtMel 3!c^?L?r 
*At5: t!-4 9. *»f«ite«sfiT-rSi:v^5«i**s 

#p>ixfc„ m»c4 9, e^«^<g;< , 'mm&vm^^ 

[0 0 7 1 ] *fc, ^?L^e«"t-57t^^!7-cr)Si|^P 
., r /PI4, 10"HTt'fe5. rix(4, ^JKO^Iffl^ 

fiH6«j-C*>4. 0>Jx.f4, Hi 6l-^$ix-54 
7y7 7f(Cii:fI0. 6 8 u m^7LS:tyf 1 . 7 // m 
T-iE?ULfc^3fe(0^«it3t7 7'l'^<-ei4, jK*^.= 1 
5 5 0 nmCfc^t, ^?L^eiS-fS3 , £/''!7-(7)fiJ-g-P 
., r /PI40. 0 3 *Hli6t0^ffi{C^53t7 
7^^<4 0 fc 1 0 4 {&£A±7<#V\, m*s, iiPJ^Tta 

[0 0 7 2] 12 1 7 14, ^J£«fij4 ~ 6 t fttM* 3 {d*Jft 
fctror-foS. Hi 7{C*SV>T, &WWfi$ttf4&fi^t5c 
SA.^^-r o ini'tWJ:?!:, *MR|7 7 y Kffi 

[0 0 7 3] tfoT, *3oSBt»tti:#S*7r'f/< 

*{f«^:(4, pjr*roraM4iy tffiv^r <t ff (t^S* 
H/ii/^o *HiS^ffi(c:#,53t7r^^T-i4, ft{f«^l4 

&Kmmz.vz&-r s *s , Kft^tfcj4gg?L^(-te# l * 
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[0 0 7 4] HS£0ij4~6tO^-fix|;::fcVNT'b, 
tt&m3 tmmc, jSftl=1 5 5 0nml:t,Vt#- 

Ify hu- K03tiBflf*s^Iffit*5 0 Sfete, STL <D IB 

"I" SCOT', &&X = 1 5 5 0 n ml-dottS^ — KftffiDf 

Bf2, HJfe^j4~6<ov^-fix{ciav^Tli, lO '^Tt 

K»«*s/J^ S<49, »t?hv-KO 10 

[0 0 7 5] W±cofftBjT*li, K«« 

l 3lc*s»t5M«t»i 5®/h«WE (£?L) 7y^/< 
WSr^'Ot-TS 1 o(ORco/§±(cg£?iJ£*i,TV^0iJ-Sr* 

t fc"5rtgT*$>5o I" 0181:^51:, 7r 

7yh***13©fS (e-c) * < i" S r t #T» 20 
#5. 

[0 0 7 6] *HM* 5 ■> Kffi« 1 3 KMKflt 1 5 t LT 

%/<V — P j . . , . . / P tftftfeP- U ft if S^*s<STi-5 t 

toff $ £rif 3ra :ii:lot, *MM K®« l 
3 &m*.X YkzMtitiiiryts<7—$: £ blzM'P 

[0 0 7 7] jfcJC, HJSfi»j6tO=iTffl^l OtO^a (O 30 
ft-ZOni'tll . 2 9/im, 1. 2 7 m mlCjf /M,fcH 
tW6a, 6bt Hife0iJ 6 . jfcgEffll 3 ICOV »T WttSrJfc 

[00 7 8] 11911 JlJfetfJ 6 , 6a, 6bt Jtfe^J 
3 co&fi^iltD £ TBPtB?* A. , , %tl*:ti<Dm& 
IdSti-S^kSrJttiUT^Ufcfcco-efeSo E119;4>e> 
fc>75»5 Ii^6a, 6bt'li, J£ig?#J3, MM 

40 

[0 0 7 9] i&ft* = 1 5 5 0 nm(w*3CtSfflSr^S 
t, Stfi^ifeDii, It &#'J 3 ^-69ps/nm/km, 3O£0iJ 6 
#-67ps/nm/km, MMM 6 a /6M08ps/nm/km, HJEtfiJ 6 
b 3iS-127ps/nm/kmT?fo5 0 J£g#tfc.* n— -?S li, Jfctfc 
I?!) 3 #-0. 25ps/nm ! /km, Hi£W 6 /S*-0. 20ps/nm* /km, H 
J£#'J 6 a iJS-0. 53ps/nm ! /km, HJ£0iJ 6 b #-0. 67ps/nm 2 / 

km-c-foSo ns»3TWrB5WA. ff »i, jt*a« 3 1 mMm 

6 *S 1 8 y m ! , 3U£0<J 6 a K 2 1 n m J , %t&M 6bz)i 

Jt^C»j3, HJSWeictt^r, *c*#4m ikiz* 50 
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[0 0 8 0] H2 0l±, itgfWI 3 <*: HJfe^J 6 , 6 a, 6 
blioV^y-i'T-y hMi£te«H-33te'-*!7 — tOfiJ-g-P 
j.«..,/P*£7L«re*-rs*'<!7-©«<frP. lr /p 
*Jtt4UT^UfcgI-efc5„ 3U6#J6a, 6 bid 33 ft -5 
Pj.«.«./Ptt, HJ£0*J6tci3*t5 P,..,. t /PJ:»)* 
JtU5^J3lc*3tt5Pj. ek ../PJ; ?>/h£v\, t 
t£t>h. mmmea, ebtt, Jt$&0ij3l>Iit-<T, At- 

[0 0 8 1 ] i^-fixto«it{c:*3V>-ctiB[«a.= i 

5 5 0 nmtCfc^Tff— *- KT'Sif^L, K*JB»f 
B (i, Sligfiaj 6 a T-fi 1 . 2X10" X'h <0 , HJ£#J 6 
bt*U2. 9xio"t/hJ<, 

[0 0 8 2] &oT, *HJfetOJ^IilC^?>3fe7r'1'^T* 
«, K««i 3 lc£7L£3gA-t-5 r tlUo 

T-V^S„ -5-tOjfg*. '&&(D7fWmmn%l%-7 T 4 V<tO«t. 

5 ^ft'J^ 5 K«« 1 3 SriS-UEifCfllJ* Lfc^ 
iJt^r, {£^fttf»^, ^#/«cA^S5:, 

7° t Srttflt-f S to Id <c ^ r < T *tf r t 

[0 0 8 3] W±coHJg^Sco3t^r-Yy<(4, A(d^:^ 

LfcTteiMSStofiJti, 7ti§<t^8 1 t, *S(t»8 2 

H^j =» T^E« t 7 r ^<*<ott*DJc^o T^:# < /jr 

rwraa*s*#<. Skftmvi&Mm>*%\<^tztbiz'xtm 

S»*«)»»*iS«-^# , ei£D D D «&MfccO'>ft^fte;gs§ 
[0 0 8 4] *^0J(d ± 19 , ff33l-t'l**MM* 7 s/ K«* 
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\&< test oicmm-rz^ tizx £.mm<oz-&m\,^ 
[o o 8 5 j ^<Dm^k, vti&<D?fm.i)fowmw%7T'('< 

lcJt^Tfttf*fyfe£{g;T£-tir3 r tt^m.t^^> a - 

A^-tfco^t^, -k#wcxz>-7<D±z£, Rum 

Jt IS L (S*©'F#fi4*)»Joa3fe7r-f^^tfc'<-C 10 

tfcA$Mlfc;*n- 

fciBK&So 20 
[0 0 8 6] #»¥l»c:,fcix»f. I6*<0^«C^9 2X 

[0 0 8 7] Sfc, **WJiJ:ixtf, f£*<0«*B«ift* 
SSLT|g^-rst#xe)ix5*s. *3&mz.&Z>if7 7 30 

« i be sreaH-s ^ 7 - n^tm^nwmmm 

[0 0 8 8] *»^Jii4R5*7T-r^tt. B4«CK 

®mm(o^mm<DMmz*t-i-z&&ftn$f*b 40 

« Wt5wi-C$>5. tcfl* 5 3t 7 T 4 > < 

tt, *MI*5-.y K««K*A<*ftfc»]«;lf (0!|jtf«g 

tS2rt«^77 Kffi«i{c«toT5:ia$^ ft-®]?? 

T'#S„ tOfcft, BJfflCWwS3»tS/J%««©?gttOjE« 



[0 0 8 9] fg2<DSli3li, ^TU^&riS^fc^r if 

£^i£igc£iT,£o 
[0 0 9 0] 

n r ©r®« t ma-r s d 1 7&s r- # 5 „ 

[0 0 9 1 ] $ bK, *MW* 9 y K**fc*«-SSP*&JB3 

[mi] *&wiz&z>x.y7'<s<<r>&&mm\z£sitz>&T 

[12] Hi«5*7r-i'>'«7>»iW«3tSrWW-*-5«»Ta5 
[13] *B^!M»(c:t5tt53t-7r'i'^^ 5 P*&ffilff^©^ 

[16] aaS«l©T*&JB*f*»*«r*"*-BB-C*>6. 

[127] mi&M3<D¥-i%mmmfrif>&7frrmx'»>z>o 

[19] HiSP'J 1 a t fcfc&fiSJ la, 2a ©flHt^* t * 
[1 1 0] J^tSECflJ 2 <t*J£«SJ2, 3O^:fLfi0t o y^LC0 

s mx-Mteit Lfcua = 7« b«a, , , t et»£« /s <o 

BBfiiSrJtlSt L-r*-ri2lT-fcSo 

[Hi 1] ittS?0iJ 2 <t SSE^iJ 2 , ZCDfo&KD&mX-m. 
mt L fc H^b 3 T »tc5« A, r , t £Mt£ft ^ © HfR 5r it 
KLT^-rHl-C-fcSo 

[11 2] JttSf0IJ2 tHiS«iJ2, 3©«ftlC*f-TS^3» 

[Hi 3] Hi 2tg>t£Z>t?y°?-<DWt'&<Ott®tM2kn 

jtisu-r^-t-HT*fo5„ 

[Hi 4] *3§0J{c#5ff?3©3l;te^cDft:7T^^© 
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[Hi 5] &%iffl3 i*Jfe«aj4~6lci5^-Cv ; -Y<>-2/ h 
fiH*«re*-f 5 5t'< V Pj . . k . , / P i WMcB. 
Hft-fS*''* P.. ,/P t SrJttt LT^Lfcy 

[Hi 7] H*fl4~6£JtttM3<ctt<?Stt*5MR& 
[818] 3 (D3feM0g|Bosg»®»S:*rWrffiH-Cfc 
[Hi 9] HJfe0ij6, 6 a, 6 biik«E0iJ3O«*5MR 

[12 0] tt|5E^J3 i:0£J£0)J6, 6 a, 6b(COV>T^ 
■Y^y h«*«rfittrs%'<7-OM<A-P J .. t . l /P& 
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S7LSreifrr**^<!7— «5W-& P. , , / P Srifctfc LTtf 
[121] **WU:«S*7rW^Srfflv^fc*eiS»«r 
[022] tt*a>&ft&ftTV*sflMM|&i:£tr%7r 

1, 1 0-37I*. 2-»l*?yKW, 3-12 

10 !)*#7X) . 6-MKK K) . 7--fe/K li 
—IB 1 rt«^5? KtW, 1 2-l2rti^5y Kffi 
«u 13-^5yK9W, H-M^ 15-I>] 
«SEK, 8 1 -3ta5(t», 8 2-*gfi», 8 3-IE#tfc 
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